In the early stages of the COVID-19 pandemic, molecular testing by real-time reverse transcriptase polymerase chain reaction (rRT-PCR) has been the main method for diagnosis of SARS-CoV-2 infection in symptomatic patients \[[@bib0005]\]. Qualitative assays have primarily been used for this purpose. Our reference laboratory developed and validated an assay that targets two regions of the N protein gene using standard rRT-PCR methods. Validation of upper and lower respiratory samples was focused on providing qualitative results. Positivity was defined as a cycle threshold (C~T~) value [\<]{.ul} 38.0. This cutoff was derived from the mean C~T~ value at the limit of detection plus approx. two standard deviations. Sensitivity of the assay, expressed as limit of detection, is 73 copies/mL. Although the intended use of the assay is to report qualitative results, linearity and dynamic range were assessed and demonstrated from 2.77 to 8.77 log~10~ copies/mL (slope = -3.32, y-intercept = 41.2, R^2^ = 0.9998), with C~T~ values from 31.56 to 12.05 in the linear range of the assay. During review of laboratory results, we occasionally observed very low C~T~ values (i.e. \< 10) from patient samples, suggesting extremely high concentrations of SARS-CoV-2 in respiratory specimens. This report characterizes the viral load of all positive samples in an unbiased reference laboratory caseload from the United States.

Using 29,713 de-identified rRT-PCR results, we described the viral load of respiratory samples tested during the first weeks of the COVID-19 pandemic in the United States. Overall 14.9 % (4428) of samples tested were positive for SARS-CoV-2. The distribution of positive samples by log~10~ copies/mL and C~T~ values is shown in [Fig. 1](#fig0005){ref-type="fig"} . The overall viral load range of positive samples was 0.91--10.42 log~10~ copies/mL (C~T~ 6.16--37.92) with a mean of 5.85 log~10~ copies/mL and median of 6.05 log~10~ copies/mL. Samples with greater than 8 log~10~ copies/mL represented 15.3 % (676 of 4428) of results reported as positive. Samples with less than 3 log~10~ copies/mL represented 9.89 % (438 of 4428) of results reported as positive.Fig. 1Frequency distribution histograms of C~T~ (A) and Log~10~ copies/mL values (B) for SARS-CoV-2 viral loads in respiratory samples tested by a reference laboratory.Fig. 1

Assessment of viral load results by birth year of patients is shown in [Table 1](#tbl0005){ref-type="table"} . Patients born from 1955 to 1994 had both the highest number and percentage of positive results, with peak values in patients born from 1960 to 1974. Mean and median viral load values did not vary markedly based on birth cohort, although it was noted that the highest maximum values (\>10 log~10~ copies/mL) were in patients born from 1995 to 2009. In [Table 2](#tbl0010){ref-type="table"} , viral load results are shown by specimen type and patient gender. A majority of samples received (69.3 % or 20,603 of 29,713) did not have the specific specimen type identified. When specimen type was identified, NP swabs were the majority of samples tested (84.3 % or 7682 of 9110). Although more females were tested, the percentage of samples tested which were positive was significantly lower (Chi square test, *P* \<  0.0001) compared to males while no significant differences were observed in viral load mean or median values.Table 1SARS-CoV-2 viral load characteristics in respiratory samples by birth cohort.Table 1SARS-CoV-2 Log~10~ copies/mLBirth cohortNo. testedNo. Pos.% of Pos. resultsAverage (SD)MedianMinimumMaximum2010 - 20201197150.34%6.13 (2.07)6.272.048.642000 - 20091157811.83%5.89 (2.29)6.381.0810.191995 - 199919352485.60%6.03 (2.03)6.440.9610.421990 - 199426473888.76%6.09 (1.97)6.270.919.841985 - 198929944059.15%5.90 (2.06)6.151.099.181980 - 198428623808.58%5.77 (2.01)5.971.009.621975 - 197926014169.39%5.88 (1.94)6.121.059.781970 - 1974254845010.16%5.74 (1.95)5.760.929.271965 - 1969249746310.46%5.82 (1.88)5.980.939.441960 - 1964244745310.23%5.77 (2.00)6.050.949.641955 - 195921803598.11%5.75 (1.94)5.911.129.171950 - 195416252645.96%5.81 (1.96)6.031.089.431945 - 194912242014.54%5.89 (1.94)6.001.139.011940 - 19448181152.60%5.77 (1.87)5.751.449.201935 - 1939446831.87%5.83 (2.06)6.150.949.491930 - 1934348791.78%5.68 (2.00)6.041.208.641925 - 1929134250.56%6.41 (1.77)6.662.488.511920 - 19244930.07%6.67 (2.74)7.823.548.641915 - 1919400.00%N.A.[a](#tblfn0005){ref-type="table-fn"}N.A.N.A.N.A.[^1]Table 2SARS-CoV-2 viral load characteristics in respiratory samples by specimen type and gender.Table 2SARS-CoV-2 Log~10~ copies/mLNo. testedNo. pos. (% pos)Average (SD)MedianMinimumMaximum**Specimen type**BAL1308 (6.15 %)5.37 (2.13)5.062.658.90Nasal swab67761 (9.01 %)5.52 (2.35)5.991.389.18Nasal wash425 (11.90 %)5.23 (2.64)5.742.368.52NP Swab7682711 (9.26 %)5.66 (2.03)5.780.939.49NP wash635 (7.94 %)6.09 (2.25)6.902.978.59OP swab1918 (4.19 %)4.52 (1.30)4.472.696.53NP/OP swab32419 (5.86 %)5.66 (1.65)5.402.558.36Not specified20,6033611 (17.53 %)5.90 (1.96)6.130.9110.42**Gender**Female17,5872153 (12.24 %)5.88 (1.98)6.090.9110.42Male11,7662261 (19.22 %)5.82 (1.97)6.020.929.84Not specified36014 (3.89 %)6.13 (2.20)6.531.668.63

Recent reports of C~T~ values and viral loads in SARS-CoV-2 infected patients have demonstrated shedding at high viral load levels in individual patients or small groups of patients. While some studies only report C~T~ values, which may vary between methods, these results provide a reasonable approximation of viral load. Lack of a common standard makes comparison of calculated viral load values between studies an approximation as well. A study of 82 SARS-CoV-2 infected patients showed viral loads of 4--8 log~10~ copies/mL in throat swabs and sputum from -1 to 15 days post-onset of clinical symptoms with occasional sputum samples having 10--11 log~10~ copies/mL \[[@bib0010]\]. A second study of 17 symptomatic patients reported C~T~ values as low as 13 in both throat and nasal swabs of one patient, with a majority samples having C~T~ values \>20 in the early clinical period \[[@bib0015]\]. Wang et al. \[[@bib0020]\] reported C~T~ values \> 17 in similarly collected specimens. Viral load kinetics have also been studied with peak reported values of approx. 8 log~10~ copies/mL \[[@bib0025]\] and 9 log~10~ copies/mL \[[@bib0030]\], both in upper respiratory specimens. Initial and peak mean viral loads of 6.17 and 6.91 log~10~ copies/mL, respectively, have also been reported for 10 SARS-CoV-2 infected patients severe disease; values were 10-fold lower (initial viral load) and 30-fold lower (peak viral load) in 13 patients with mild disease by \[[@bib0035]\].

Viral loads in respiratory samples from patients infected with other respiratory coronaviruses have also been reported. In 14 patients infected with SARS-CoV-1, peak viral loads of approx. 5.5--8.5 log~10~/mL were documented in nasopharyngeal aspirates \[[@bib0040]\]. For patients with severe MERS, peak viral loads in sputum or tracheal aspirates ranged from 6 to 9 log~10~ copies/mL while mild cases were at least 100-fold lower \[[@bib0045]\]. Viral load results for common respiratory coronaviruses such as strains NL63 and OC43 are generally 1000- to 10,000-fold lower compared to peak values for SARS-CoV-1, SARS-CoV-2 and MERS \[[@bib0050]\].

The limitations of this study are that clinical information was not available from the reference laboratory caseload and full de-identification of samples was required for research use. Most importantly, the proportion of samples tested from symptomatic patients versus asymptomatic individuals was not known, nor is it known when samples were collected relative to the time of symptom onset for those patients suffering from disease. Therefore the overall prevalence of positivity is minimally significant and the prevalence by birth year may well be skewed based on likelihood of sampling due to age or occupation. However, additional study of asymptomatic or symptomatic patient samples with defined clinical characteristics is warranted based on our data.

In summary, our results demonstrate that a significant number of patients have extremely high levels of virus (\> 8 log~10~ copies/mL) in respiratory samples and thus may be responsible for a disproportionate level of transmission to contacts and contamination of environmental surfaces. Additionally, results demonstrated that samples with low viral loads (\<1000 copies/mL) are common, and individuals from which these samples were collected may represent a low risk for transmission. This study supports the concept that quantitative viral detection methods for SARS-CoV-2 diagnosis may provide significant benefits in efforts to control viral transmission, and perhaps even in the medical care of these patients.
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